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Çà âèêîðèñòàííÿ IRAP-ìåòîäó ïðîàíàë³çîâàíî ð³âåíü 
ïîë³ìîðô³çìó ä³ëÿíîê ÄÍÊ, ôëàíêîâàíèõ ³íâåðòîâà-
íèìè LTR ïîâòîðàìè ðåòðîòðàíñïîçîíó Cassandra, ó 
êë³òèííèõ ë³í³é ïøåíèö³, ðåçèñòåíòíèõ äî ìåòàáîë³-
ò³â çáóäíèêà îô³îáîëüîçó, â ïðîöåñ³ äîáîðó íà ñò³é-
ê³ñòü äî îñìîòè÷íîãî ñòðåñó òà ³íäóêîâàíèõ ç íèõ 
ðîñëèí-ðåãåíåðàíò³â. Âèÿâëåíî â³äì³ííîñò³ ó ïîë³íóê-
ëåîòèäíèõ ïîñë³äîâíîñòÿõ ÄÍÊ çà ïðÿìî¿ òà ñòóï³í-
÷àñòî¿ êë³òèííî¿ ñåëåêö³¿. Îö³íêà ð³âíÿ ãåíåòè÷íî¿ äè-
âåðãåíö³¿ ïîêàçàëà, ùî êàëþñè, îòðèìàí³ çà ïðÿìî¿ 
ñåëåêö³¿, à òàêîæ êàëþñè íà ï³çí³õ åòàïàõ ñòóï³í-
÷àñòîãî äîáîðó º íàéá³ëüø ãåíåòè÷íî â³ääàëåíèìè â³ä 
âèõ³äíèõ ôîðì (DNL = 0,4855), òîáòî çà ñóáëåòàëüíî¿ 
ä³¿ ñåëåêòèâíîãî ÷èííèêà ñïîñòåð³ãàþòüñÿ íàéçíà÷í³-
ø³ çì³íè â ãåíîì³ äîñë³äæóâàíèõ îá’ºêò³â. Íà â³äì³íó 
â³ä âèõ³äíèõ ôîðì â ñïåêòðàõ ïðîäóêò³â àìïë³ô³êàö³¿ 
ÄÍÊ êàëþñ³â òà ðåãåíåðàíò³â âèÿâëåíî íîâèé àìïë³-
êîí äîâæèíîþ áëèçüêî 638 ï.í., ùî ìîæå ñâ³ä÷èòè ïðî 
àêòèâàö³þ ðåòðîòðàíñïîçîíó Ñassandra. 
Êëþ÷îâ³ ñëîâà: RAP-àíàë³ç, ðåòðîòðàíñïîçîíè, êë³-
òèííà ñåëåêö³ÿ, îô³îáîëüîç.
Âñòóï. Âèâ÷åííÿ ñîìàêëîíàëüíî¿ ì³íëèâîñò³ ñòà-
íîâèòü ³íòåðåñ ÿê äëÿ ôóíäàìåíòàëüíèõ äîñë³ä-
æåíü, òàê ³ äëÿ ïðàêòè÷íî¿ ñåëåêö³¿, îñê³ëüêè 
ñîìàêëîíè ìîæóòü áóòè äæåðåëîì îòðèìàííÿ
ãåíåòè÷íîãî ð³çíîìàí³òòÿ. Îäíèì ³ç íàéâàæ-
ëèâ³øèõ íàïðÿì³â ñó÷àñíî¿ á³îòåõíîëîã³¿, ÿêèé 
âæå îòðèìàâ øèðîêå ïðàêòè÷íå çàñòîñóâàííÿ, 
º êë³òèííà ñåëåêö³ÿ ÿê ìåòîä ñòâîðåííÿ íî-
âèõ ôîðì ðîñëèí øëÿõîì âèä³ëåííÿ ìóòàíò-
íèõ êë³òèí ³ ñîìàêëîíàëüíèõ âàð³àö³é ó ñåëåê-
òèâíèõ óìîâàõ. Äëÿ ï³äâèùåííÿ åôåêòèâíîñò³ 
ñåëåêö³¿ in vitro òà âèð³øåííÿ ïðîáëåìè êåðó-
âàííÿ ñîìàêëîíàëüíîþ âàð³àáåëüí³ñòþ âàæëè-
âî çðîçóì³òè ïðè÷èíè ¿¿ âèíèêíåííÿ ³ ðîçìàõ.
Äëÿ öüîãî âñå øèðøå âèêîðèñòîâóþòü ìîëå-
êóëÿðí³ ìàðêåðè, ùî äîçâîëÿþòü âèÿâèòè ãå-
íåòè÷í³ çì³íè ó êë³òèííèõ ôîðì òà ³íäóêîâàíèõ 
ç íèõ ðîñëèí. Îäíèì ç íàéá³ëüø äîñòóïíèõ ³ 
øâèäêèõ ñïîñîá³â âèÿâèòè âàð³àáåëüí³ñòü, à ïî-
ò³ì ç’ÿñóâàòè ïðèðîäó ñîìàêëîíàëüíî¿ ì³íëè-
âîñò³ º çàñòîñóâàííÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ 
ìàðêåð³â, ùî ãðóíòóþòüñÿ íà ïîë³ìåðàçí³é ëàí-
öþãîâ³é ðåàêö³¿ (ÏËÐ) [1–3]. 
Äëÿ âèÿâëåííÿ çì³í â ïîë³íóêëåîòèäíèõ ïîñ-
ë³äîâíîñòÿõ ÄÍÊ òîãî ÷è ³íøîãî âèäó âàæëè-
âî âèáðàòè òàêèé ìåòîä, ÿêèé áè çàáåçïå÷ó-
âàâ îäíî÷àñíèé àíàë³ç áàãàòüîõ ëîêóñ³â â ð³ç-
íèõ ä³ëÿíêàõ ãåíîìó. Ç âðàõîâóâàííÿì öüîãî 
çíà÷íèé ³íòåðåñ âèêëèêàþòü ðåòðîòðàíñïîçî-
íè, ÿê³ øèðîêî ïðåäñòàâëåí³ â ãåíîìàõ çëà-
êîâèõ êóëüòóð, çîêðåìà ïøåíèö³. Íàêîïè÷åí³ 
äàí³ ïðî ìîá³ëüí³ ãåíåòè÷í³ åëåìåíòè äîçâî-
ëèëè ðîçðîáèòè ñïîñîáè îö³íêè ïîë³ìîðô³çìó 
ä³ëÿíîê ÄÍÊ, ôëàíêîâàíèõ ³íâåðòîâàíèìè ïîâ-
òîðàìè, çîêðåìà òåðì³íàëüíèõ ä³ëÿíîê ðåòðî-
òðàíñïîçîí³â [4, 5]. Â ë³òåðàòóð³ îïèñàíà ìîæ-
ëèâ³ñòü âèêîðèñòàííÿ ïðàéìåð³â, ñïåöèô³÷íèõ 
äî LTR ïîñë³äîâíîñòåé ðåòðîòðàíñïîçîí³â, äëÿ 
âèÿâëåííÿ ïîë³ìîðô³çìó ì³æ äîñë³äæóâàíèìè 
ôîðìàìè çà äîïîìîãîþ ÏËÐ-ô³íãåðïðèíòó íà 
îñíîâ³ ìåòîä³â IRAP ³ REMAP [5–9]. 
IRAP-àíàë³ç (Inter-Retrotransposon Amplified 
Polymorphism) – ìåòîä àìïë³ô³êàö³¿ ãåíîìíî¿
ÄÍÊ ì³æ áëèçüêî ðîçòàøîâàíèìè ïîñë³äîâ-
íîñòÿìè ðåòðîòðàíñïîçîí³â. Îäí³ºþ ç ïåðåâàã 
öüîãî ìåòîäó º ìîæëèâ³ñòü îäíî÷àñíîãî àíàë³çó 
áàãàòüîõ ëîêóñ³â â ð³çíèõ ä³ëÿíêàõ ãåíîìó, ùî 
îñîáëèâî âàæëèâî ïðè êóëüòèâóâàíí³ in vitro. 
Ïîë³ìîðô³çì â öüîìó âèïàäêó îáóìîâëþºòüñÿ 
àáî ìóòàö³ºþ â ä³ëÿíö³ çâ’ÿçóâàííÿ ïðàéìåðà,
àáî áåçïîñåðåäíüî òðàíñïîçèö³ºþ ÷åðåç âáóäî-
âóâàííÿ ðåòðîòðàíñïîçîí³â â ³íøó ä³ëÿíêó ÄÍÊ. 
Åôåêòèâí³ñòü âèêîðèñòàííÿ IRAP-ìåòîäó ïî-
êàçàíà ³ äëÿ àíàë³çó ðîñëèí-ðåãåíåðàíò³â ïøå-
íèö³ [10, 11].
Íàìè âïåðøå ìåòîäîì êë³òèííî¿ ñåëåêö³¿ 
îäåðæàíî êàëþñí³ ë³í³¿ ïøåíèö³ ç ïåðåõðåñ-
íîþ ñò³éê³ñòþ äî ìåòàáîë³ò³â çáóäíèêà îô³î-
áîëüîçíî¿ êîðåíåâî¿ ãíèë³ òà âîäíîãî äåô³öèòó 
[12]. Ç öèõ ë³í³é ³íäóêîâàíî ðîñëèíè-ðåãåíå-
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ðàíòè. Â³äîìî, ùî êóëüòèâóâàííÿ in vitro ìîæå 
áóòè ïîòóæíèì ñòðåñîâèì ÷èííèêîì [13, 14] òà 
çäàòíå âèêëèêàòè àêòèâàö³þ ìîá³ëüíèõ ãåíåòè÷-
íèõ åëåìåíò³â [15, 16], ùî ìîæå ïðèçâîäèòè äî 
âèíèêíåííÿ ìóòàö³é àáî çì³íè ð³âíÿ åêñïðåñ³¿ 
³íøèõ ãåí³â [17]. Ðàçîì ç òèì âñòàíîâëåíî 
ï³äâèùåííÿ àêòèâíîñò³ ðåòðîòðàíñïîçîí³â çà 
óìîâ á³îòè÷íîãî/àá³îòè÷íîãî ñòðåñó (ïîðà-
íåííÿ, ä³ÿ ïàòîãåí³â, ïðèñóòí³ñòü ð³çíèõ ðå÷î-
âèí) [15, 18, 19] òà äîâåäåíî ¿õ òðàíñêðèïö³éíó 
àêòèâí³ñòü [20]. Ï³äâèùåííÿ àêòèâíîñò³ ðåòðî-
òðàíñïîçîí³â çà ä³¿ ñòðåñ³â ñâ³ä÷èòü ïðî çíà÷-
íó ðîëü öèõ åëåìåíò³â ó ôîðìóâàíí³ â³äïîâ³ä³ 
íà ä³þ ñòðåñîâèõ ÷èííèê³â. Òàêèì ÷èíîì, ó 
ïðîöåñ³ äîáîðó ñò³éêèõ ôîðì çà êë³òèííî¿ ñå-
ëåêö³¿ ìîæå âèíèêàòè ãåíåòè÷íà ì³íëèâ³ñòü, 
ïîâ’ÿçàíà ÿê ç óìîâàìè êóëüòèâóâàííÿ, òàê ³ 
ç ä³ºþ ñòðåñîâîãî ÷èííèêà. Îäíàê íà ñüîãîäí³ 
äàíèõ ïðî ì³íëèâ³ñòü íà ìîëåêóëÿðíî-ãåíå-
òè÷íîìó ð³âí³ çà ä³¿ ð³çíèõ ñòðåñîâèõ ÷èííèê³â 
³, çîêðåìà, îñìîòè÷íîãî ñòðåñó íåäîñòàòíüî. Ó 
çâ’ÿçêó ç öèì ìåòîþ íàøî¿ ðîáîòè áóâ àíàë³ç 
ð³âíÿ ïîë³ìîðô³çìó ä³ëÿíîê ÄÍÊ, ôëàíêîâà-
íèõ ³íâåðòîâàíèìè ïîâòîðàìè LTR ðåòðîòðàíñ-
ïîçîíó Cassandra, ó êë³òèííèõ ë³í³é, ðåçèñòåíò-
íèõ äî ìåòàáîë³ò³â çáóäíèêà îô³îáîëüîçó (G. 
graminis var. tritici), â ïðîöåñ³ äîáîðó íà ñò³é-
ê³ñòü äî îñìîòè÷íîãî ñòðåñó òà ³íäóêîâàíèõ 
ç íèõ ðîñëèí-ðåãåíåðàíò³â çà âèêîðèñòàííÿ 
IRAP-ìåòîäó. 
Ìàòåð³àëè ³ ìåòîäè. Ó äàí³é ðîáîò³ âèâ÷àëè:
1) âèõ³äíèé ìàòåð³àë – ðîñëèíè R2 ñîìàêëî-
íàëüíî¿ ë³í³¿, ñò³éêî¿ äî ìåòàáîë³ò³â çáóäíèêà
îô³îáîëüîçíî¿ êîðåíåâî¿ ãíèë³ (10 ³íäèâ³äóàëü-
íèõ ðîñëèí: Ð1–Ð10); 2) ïåðâèííèé êàëþñ, îò-
ðèìàíèé ç ðîñëèí R2 ñîìàêëîíàëüíî¿ ë³í³¿ (10 
çðàçê³â: FC1–FC10); 3) êàëþñè ð³çíèõ ïàñàæ³â 
çà ñòóï³í÷àñòî¿ êë³òèííî¿ ñåëåêö³¿ íà ñò³éê³ñòü 
äî âîäíîãî äåô³öèòó – ïåðøîãî (SS 1ð), òðå-
òüîãî (SS 3ð), ÷åòâåðòîãî (SS 4ð) òà øîñòîãî 
(SS 6ð); 4) êàëþñè ð³çíèõ ïàñàæ³â çà ïðÿìî¿ 
êë³òèííî¿ ñåëåêö³¿ íà ñò³éê³ñòü äî âîäíîãî 
äåô³öèòó – ïåðøîãî (DS 1ð) òà ÷åòâåðòîãî (DS 
4ð); 5) êàëþñè ÷åòâåðòîãî (C 4ð – 5 çðàçê³â) òà 
øîñòîãî (Ñ 6ð – 5 çðàçê³â) ïàñàæ³â, ùî êóëüòè-
âóâàëèñÿ íà ñåðåäîâèù³ áåç ñåëåêòèâíîãî ÷èí-
íèêà; 6) ðîñëèíè-ðåãåíåðàíòè RR0, ³íäóêîâàí³ 
³ç ñò³éêèõ êë³òèííèõ ë³í³é (5 çðàçê³â: R1–R5).
²íäóêö³þ êàëþñîãåíåçó òà êóëüòèâóâàííÿ êà-
ëþñ³â ïðîâîäèëè çà ðîçðîáëåíîþ íàìè ìåòîäè-
êîþ [21]. ßê åêñïëàíò âèêîðèñòîâóâàëè âåðõ³âêó 
ïàãîíà òðèäîáîâîãî ïðîðîñòêà. Âèõ³äíèé êàëþñ 
ðîçä³ëÿëè íà äâ³ ÷àñòèíè. Îäíà ÷àñòèíà áóëà 
âèêîðèñòàíà äëÿ ïðîâåäåííÿ êë³òèííî¿ ñåëåêö³¿ 
íà ñò³éê³ñòü äî âîäíîãî äåô³öèòó, äðóãà – ïà-
ñàæóâàëàñÿ íà êóëüòóðàëüíîìó ñåðåäîâèù³ áåç 
ñåëåêòèâíîãî ÷èííèêà (êîíòðîëü). 
Äëÿ êë³òèííî¿ ñåëåêö³¿ ÿê âèõ³äíèé ìàòåð³àë 
âèêîðèñòîâóâàëè îäíó ç îòðèìàíèõ íèìè ë³í³é 
ïøåíèö³ ñîðòó Çèìîÿðêà, ñò³éêó äî ìåòàáîë³ò³â 
G. graminis var. tritici [22]. Ïðè ìîäåëþâàíí³ âîä-
íîãî äåô³öèòó ñåëåêòèâíèì àãåíòîì ñëóãóâàâ 
ìàí³ò ó ð³çíèõ êîíöåíòðàö³ÿõ, ÿêèé äîäàâàëè 
äî ìîäèô³êîâàíîãî ñåðåäîâèùà ÌÑ. Óìîâè 
ïðîâåäåííÿ åêñïåðèìåíò³â òà ñõåìè ïðÿìî¿ òà 
ñòóï³í÷àñòî¿ êë³òèííî¿ ñåëåêö³¿ íàâåäåíî ó ðî-
áîò³ [12]. 
Åêñòðàêö³þ ÄÍÊ ïðîâîäèëè çà äîïîìîãîþ 
ÑÒÀÂ-ìåòîäó [23] ³ç ïðîðîñòê³â, ëèñòê³â ðîñ-
ëèí-ðåãåíåðàíò³â àáî áåçïîñåðåäíüî êàëþñíî¿ 
òêàíèíè. Êîíöåíòðàö³þ òà ÷èñòîòó ÄÍÊ âèç-
íà÷àëè ñïåêòðîôîòîìåòðè÷íî.
Àìïë³ô³êàö³þ çä³éñíþâàëè íà ïðèëàä³ «Òåð-
öèê» («ÄÍÊ-Òåõíîëîãèÿ», ÐÔ). Ê³íöåâèé îá’ºì 
ðåàêö³éíî¿ ñóì³ø³ ñêëàäàâ 25 ìêë: 10 ìM òðèñ-
HCl, 50 ìM KCl, 1,5–2,0 ìM õëîðèäó ìàãí³þ,  
2 ìM êîæíîãî äåçîêñèíóêëåîòèäòðèôîñôàòó 
(dNTP), 0,2 ìêë ïðàéìåðà, 1 îä. àêò. Taq ÄÍÊ-
ïîë³ìåðàçè òà 100–120 íã äîñë³äæóâàíî¿ ÄÍÊ. 
Äî ðåàêö³éíî¿ ñóì³ø³ äëÿ óíèêíåííÿ âèïàðî-
âóâàííÿ äîäàâàëè ïî 20 ìêë ì³íåðàëüíî¿ îë³¿. 
Àìïë³ô³êàö³ÿ ïðîâîäèëàñü çà íàñòóïíîþ ïðî-
ãðàìîþ: ïî÷àòêîâà äåíàòóðàö³ÿ ïðè 94 ºÑ – 5 õâ;
37 öèêë³â (äåíàòóðàö³ÿ 94 ºÑ – 30 ñ, â³äïàë 
55 ºÑ – 1 õâ, åëîíãàö³ÿ 72 ºÑ – 1,5 õâ) òà 
ô³íàëüíà åëîíãàö³ÿ 72 ºÑ – 7 õâ. 
Â äîñë³äæåííÿõ âèêîðèñòîâóâàëè IRAP-ïðàé-
ìåðè äî ³íâåðòîâàíèõ LTR ä³ëÿíîê: 5ƍ-GGT-
GTGTCCGGGGCGTTACA-3ƍ òà 5ƍ-ÑÑGGGA-
GCCCATTCGAAÑ-3ƍ, ùî ïîêàçàëè ñâîþ åôåê-
òèâí³ñòü ïðè àíàë³ç³ çëàêîâèõ êóëüòóð, çîêðåìà 
ÿ÷ìåíþ [24]. Ïðîäóêòè àìïë³ô³êàö³¿ ðîçä³ëÿ-
ëè ìåòîäîì åëåêòðîôîðåçó â 2%-âîìó àãàðîç-
íîìó ãåë³ ç äîäàâàííÿì áðîìèñòîãî åòèä³þ. Ðîç-
ä³ëåííÿ çä³éñíþâàëè çà íàïðóãè 2 Â/ñì â òðèñ-
àöåòàòíîìó áóôåð³. Åëåêòðîôîðåòè÷í³ ñïåêò-
ðè â³çóàë³çóâàëè ï³ä ÓÔ ïðîìåíÿìè. Äëÿ îö³í-
êè ðîçì³ð³â ïðîäóêò³â àìïë³ô³êàö³¿ âèêîðèñ-
òîâóâàëè ìàðêåð Step Ladder DNA S7025 («Sig-
ma-Aldrich», ÑØÀ).
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Ðîçì³ð ïðîäóêò³â ÏËÐ âèçíà÷àëè çà äîïîìî-
ãîþ ïàêåòó ïðèêëàäíèõ ïðîãðàì TotalLab v.2.01
(Nonlinear Dynamics). Äëÿ ê³ëüê³ñíî¿ îö³íêè 
îòðèìàíèõ ðåçóëüòàò³â äàí³ áóëè ïðåäñòàâëåí³ 
ó âèãëÿä³ á³íàðíèõ ìàòðèöü, â ÿêèõ íàÿâí³ñòü/
â³äñóòí³ñòü â IRAP-ñïåêòðàõ îäíàêîâèõ çà ðîç-
ì³ðîì àìïë³êîí³â â³äïîâ³äàëà çíà÷åííÿì 1 àáî 
0. Ãåíåòè÷í³ â³äñòàí³ âèðàõîâóâàëè, êîðèñòóþ-
÷èñü ì³ðîþ ïîä³áíîñò³ çã³äíî ç Nei et al. [25]. 
Ïîáóäîâó äåíäðîãðàìè çä³éñíþâàëè ìåòîäîì 
ïîïàðíîãî íåçâàæåíîãî êëàñòåðóâàííÿ ç àðèô-
ìåòè÷íèì óñåðåäíåííÿì (UPGMA), âèêîðèñ-
òîâóþ÷è ïàêåòè ïðèêëàäíèõ ïðîãðàì POPGEN 
v.1.31 [26] òà MEGA v.3.1 [27]. Àìïë³ô³êàö³þ 
äëÿ ïåðåâ³ðêè ñòàá³ëüíîñò³ ñèíòåçó àìïë³êîí³â 
òðèêðàòíî ïîâòîðþâàëè íà òîìó æ ðîñëèííîìó 
ìàòåð³àë³. 
Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Íà ïåðøîìó åòàï³ äîñë³äæåííÿ âàæëèâî áóëî 
ïåðåêîíàòèñÿ ó ãåíåòè÷í³é ãîìîãåííîñò³ êîí-
òðîëüíèõ ðîñëèí çà äîñë³äæóâàíèìè ëîêóñà-
ìè. Äëÿ öüîãî àíàë³çóâàëè çðàçêè ÄÍÊ äåñÿ-
òè äîâ³ëüíèõ ðîñëèí R2 ñîìàêëîíàëüíî¿ ë³í³¿, 
ñò³éêî¿ äî ìåòàáîë³ò³â çáóäíèêà îô³îáîëüîçó. 
Çàãàëîì ó âèõ³äíèõ ðîñëèí ñïåêòð ïðîäóêò³â 
àìïë³ô³êàö³¿ ÄÍÊ ñêëàäàâñÿ ç 11 ôðàãìåíò³â 
ðîçì³ðîì â³ä 154 äî 581 ï.í. Àíàëîã³÷í³ ñïåêòðè 
ïðîäóêò³â àìïë³ô³êàö³¿ ñïîñòåð³ãàëè ³ ó ïåðâèí-
íèõ êàëþñàõ (íóëüîâèé ïàñàæ). Îòðèìàí³ äàí³ 
ñâ³ä÷àòü, ùî ó âèõ³äíîìó ìàòåð³àë³ (âèõ³äíèõ 
ðîñëèíàõ òà ïåðâèííèõ êàëþñàõ) â³äñóòí³é 
ïðèðîäíèé òà/àáî ñïîíòàííèé ïîë³ìîðô³çì çà 
äîñë³äæóâàíèìè ëîêóñàìè. 
Îñê³ëüêè çà â³äíîñíî òðèâàëî¿ (ïîñòóïîâî¿) 
àäàïòàö³¿ äî ñòðåñîâîãî ÷èííèêà (ñòóï³í÷àñòà 
êë³òèííà ñåëåêö³ÿ) òà â³äíîñíî øâèäêîãî åê-
ñòðåìàëüíîãî âïëèâó (ïðÿìà êë³òèííà ñåëåêö³ÿ) 
ìîæóòü áóòè çàä³ÿí³ ð³çí³ ìåõàí³çìè ôîðìó-
âàííÿ ñò³éêîñò³, òî â íàø³é ðîáîò³ ìè îêðåìî 
äîñë³äæóâàëè ïîë³ìîðô³çì ÄÍÊ çà ð³çíèõ ñõåì 
äîáîðó. Òàêèé ï³äõ³ä ñïðèÿº êîìïëåêñíîìó óÿâ-
ëåííþ ïðî ì³íëèâ³ñòü çà ä³¿ îñìîòè÷íîãî ñòðå-
ñó â ïðîöåñ³ äîáîðó ñò³éêèõ ë³í³é.
Äëÿ âèÿâëåííÿ ïîë³ìîðô³çìó ÄÍÊ çà ñòó-
ï³í÷àñòî¿ êë³òèííî¿ ñåëåêö³¿ â³äáèðàëè çðàçêè
êàëþñ³â íà ðàíí³õ òà ï³çí³õ åòàïàõ äîáîðó.
Êîíòðîëåì ñëóãóâàâ ïåðâèííèé êàëþñ (FC) òà
êàëþñ 6-ãî ïàñàæó (C 6p), ùî ïàðàëåëüíî êóëü-
òèâóâàâñÿ íà ñåðåäîâèù³ áåç ñåëåêòèâíîãî ÷èí-
íèêà. Îòðèìàí³ ðåçóëüòàòè (ðèñ. 1) ñâ³ä-
÷àòü ïðî òå, ùî çà ñòóï³í÷àñòî¿ ñåëåêö³¿ â ñïåê-
òðàõ ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ êàëþñ³â 
ñïîñòåð³ãàºòüñÿ âòðàòà îêðåìèõ àìïë³êîí³â. 
Çîêðåìà, íà ñåðåäîâèù³ ç 0,4 Ì ìàí³òó ó îäí³º¿ 
ç ë³í³é (¹ 2) çàçíà÷åíî â³äñóòí³ñòü àìïë³êîíó 
äîâæèíîþ 581 ï.í. Íà á³ëüø ï³çí³õ åòàïàõ êë³-
òèííî¿ ñåëåêö³¿ (íà ñåðåäîâèù³ ç 0,8 Ì ìà-
í³òó, ñóáëåòàëüíà äîçà) ñïîñòåð³ãàëè ùå á³ëü-
ø³ çì³íè. Òàê, ó ë³í³¿ ¹ 4 âñòàíîâëåíî âòðàòó 
àìïë³êîí³â äîâæèíîþ 154, 334, 347 òà 362 ï.í. 
(ðèñ. 1, äîð³æêà 7). Â³äñóòí³ñòü ïåâíèõ àìïë³-
êîí³â â ñïåêòðàõ àìïë³ô³êàö³¿ ñïîñòåð³ãàëè ³ ó 
ðîñëèí-ðåãåíåðàíò³â. Òàê, âèÿâëåíî ðîñëèíó, â 
ÿêî¿ áóëè â³äñóòí³ àìïë³êîíè ðîçì³ðîì 334 òà 
347 ï.í. (ðèñ. 1, äîð³æêà 1). 
Íàñòóïíèé åòàï äîñë³äæåíü – âèÿâëåííÿ 
ïîë³ìîðô³çìó ÄÍÊ çà ïðÿìî¿ êë³òèííî¿ ñåëåê-
ö³¿. Äëÿ öüîãî àíàë³çóâàëè çðàçêè ÄÍÊ êàëþ-
ñ³â íà ðàíí³õ (1-é ïàñàæ) òà ï³çí³õ (4-é ïàñàæ) 
åòàïàõ ïðÿìîãî äîáîðó. Ïîêàçàíî, ùî ïðè òà-
êîìó ï³äõîä³ ó ñïåêòðàõ ïðîäóêò³â àìïë³ô³êàö³¿ 
(ðèñ. 2) ìîæóòü â³äáóâàòèñÿ ÿê âòðàòè àìï-
ë³êîí³â, çîêðåìà äîâæèíîþ 221, 552 òà 571 ï.í., 
Ðèñ. 1. Ñïåêòð ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ äîñë³ä-
æóâàíèõ çðàçê³â çà ñòóï³í÷àñòî¿ êë³òèííî¿ ñåëåêö³¿: 
Ì – ìàðêåð ìîëåêóëÿðíèõ ìàñ (Step Ladder DNA 
S7025); 1 – ðîñëèíà-ðåãåíåðàíò (R4); 2 – ðîñëèíà R2 
ñîìàêëîíàëüíî¿ ë³í³¿, ñò³éêî¿ äî ìåòàáîë³ò³â çáóäíèêà 
îô³îáîëüîçíî¿ êîðåíåâî¿ ãíèë³ (Ð3); 3 – ïåðâèííèé 
êàëþñ (FC); 4 – êàëþñ 1-ãî ïàñàæó íà ñåðåäîâèù³ 
ç 0,4 Ì ìàí³òó (SS 1p); 5 – êàëþñ 3-ãî ïàñàæó íà 
ñåðåäîâèù³ ç 0,8 Ì ìàí³òó (SS 3p); 6 – êàëþñ 4-ãî 
ïàñàæó íà ñåðåäîâèù³ áåç ñåëåêòèâíîãî ÷èííèêà 
(SS 4p); 7 – êàëþñ 6-ãî ïàñàæó íà ñåðåäîâèù³ ç 
0,8 Ì ìàí³òó (SS 6p); 8 – êàëþñ 6-ãî ïàñàæó, ùî 
êóëüòèâóâàâñÿ íà ñåðåäîâèù³ áåç ñåëåêòèâíîãî ÷èí-
íèêà (C 6p)
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òàê ³ ïîÿâà íîâîãî óí³êàëüíîãî àìïë³êîíó ðîç-
ì³ðîì 455 ï.í. Ñë³ä çàçíà÷èòè, ùî äàíèé àìïë³-
êîí âèÿâëåíî ò³ëüêè ó êàëþñíèõ ë³í³ÿõ, îòðèìà-
íèõ ïðè çàñòîñóâàíí³ ïðÿìî¿ êë³òèííî¿ ñåëåêö³¿. 
Êð³ì ñïåöèô³÷íèõ çì³í ó ñïåêòðàõ ïðîäóêò³â 
àìïë³ô³êàö³¿ ÄÍÊ, ÿê³ â³äáóâàþòüñÿ çà ïðÿìî¿ 
òà ñòóï³í÷àñòî¿ êë³òèííî¿ ñåëåêö³¿, ïðèâåðòàº 
óâàãó òîé ôàêò, ùî ïðè êóëüòèâóâàíí³ in vitro (ÿê 
â çðàçêàõ íà ñåëåêòèâíèõ ñåðåäîâèùàõ, òàê ³ â 
êîíòðîëüíîìó êàëþñ³, à òàêîæ îòðèìàíèõ ðîñ-
ëèíàõ-ðåãåíåðàíòàõ) ó âñ³õ äîñë³äæóâàíèõ îá’ºê-
òàõ çàçíà÷åíî ïîÿâó â³äíîñíî âèñîêîìîëåêó-
ëÿðíîãî àìïë³êîíó äîâæèíîþ áëèçüêî 638 ï.í. 
(ðèñ. 1 ³ 2). Öå ìîæå ñâ³ä÷èòè ïðî àêòèâàö³þ 
³ â³äïîâ³äíî òðàíñïîçèö³þ ðåòðîòðàíñïîçîíó 
Ñassandra çà óìîâ êóëüòèâóâàííÿ in vitro. 
Äëÿ îö³íêè ãåíåòè÷íî¿ äèâåðãåíö³¿ äîñë³ä-
æóâàíèõ çðàçê³â çíà÷åííÿ ãåíåòè÷íèõ â³äñòà-
íåé ðîçðàõîâóâàëè çã³äíî ç Nei et al. [25] çà 
13 ëîêóñàìè (òàáëèöÿ). Íà îñíîâ³ îòðèìàíèõ 
çíà÷åíü áóëà ñêëàäåíà äåíäðîãðàìà (ðèñ. 3), äå
äîñë³äæåí³ çðàçêè çãðóïîâàí³ â ÷îòèðè îêðåìèõ 
êëàñòåðè. Ïåðøèé ³ íàéá³ëüøèé âêëþ÷àº ðîñ-
ëèíè-ðåãåíåðàíòè R1–R3 òà êîíòðîëüíèé êà-
ëþñ 4-ãî òà 6-ãî ïàñàæ³â. Êàëþñè îòðèìàí³ çà 
ñòóï³í÷àñòî¿ êë³òèííî¿ ñåëåêö³¿, êð³ì êàëþñó 6-ãî 
ïàñàæó íà ñåðåäîâèù³ ç 0,8 Ì ìàí³òó. Ó äðó-
ãèé êëàñòåð óâ³éøëè çðàçêè ðîñëèí R2 ñîìà-
êëîíàëüíî¿ ë³í³¿, ñò³éêî¿ äî ìåòàáîë³ò³â çáóä-
íèêà îô³îáîëüîçíî¿ êîðåíåâî¿ ãíèë³ (âèõ³äíà 
ôîðìà), òà ïåðâèííèé êàëþñ. Òðåò³é êëàñòåð 
óòâîðåíèé çðàçêàìè ðîñëèí-ðåãåíåðàíò³â R4 òà 
R5, à òàêîæ êàëþñó 6-ãî ïàñàæó íà ñåðåäîâèù³ 
ç 0,8 Ì ìàí³òó (ï³çí³ åòàïè ñòóï³í÷àñòî¿ êë³-
òèííî¿ ñåëåêö³¿). Ó ÷åòâåðòèé êëàñòåð óâ³éøëè 
çðàçêè êàëþñ³â 1-ãî òà 4-ãî ïàñàæ³â, îòðèìà-
íèõ çà ïðÿìî¿ êë³òèííî¿ ñåëåêö³¿. Óçàãàëüíþ-
þ÷è îòðèìàí³ äàí³ çàçíà÷èìî, ùî êàëþñè, îò-
ðèìàí³ çà ïðÿìî¿ êë³òèííî¿ ñåëåêö³¿ (IV êëàñ-
òåð), à òàêîæ êàëþñ 6-ãî ïàñàæó íà ñåðåäîâèù³ 
ç 0,8 Ì ìàí³òó (ï³çí³ åòàïè ñòóï³í÷àñòî¿ êë³-
òèííî¿ ñåëåêö³¿) º íàéá³ëüø ãåíåòè÷íî â³ääà-
ëåíèìè â³ä âèõ³äíèõ ôîðì (DNL = 0,4855), òîáòî
çà åêñòðåìàëüíîãî âïëèâó ñåëåêòèâíîãî ôàêòî-
ðà ñïîñòåð³ãàþòüñÿ íàéçíà÷í³ø³ çì³íè â ïîë³-
íóêëåîòèäíèõ ïîñë³äîâíîñòÿõ ÄÍÊ, ôëàíêîâà-
íèõ ³íâåðòîâàíèìè LTR ïîâòîðàìè ðåòðîòðàíñ-
ïîçîíó Cassandra.
²ñíóº äóìêà, ùî â êóëüòóð³ in vitro êë³òèíè, â 
ÿêèõ ïðèñóòí³ àêòèâí³ ìîá³ëüí³ ãåíåòè÷í³ åëå-
ìåíòè, ãåíåòè÷íî á³ëüø íåñòàá³ëüí³, í³æ ò³, â
ÿêèõ ö³ ä³ëÿíêè ãåíîìó íå àêòèâí³ [28]. Çã³ä-
íî ç îòðèìàíèìè äàíèìè ìè ïðèïóñêàºìî, ùî
Ðèñ. 2. Ñïåêòð ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ äîñ-
ë³äæóâàíèõ çðàçê³â çà ïðÿìî¿ êë³òèííî¿ ñåëåêö³¿: 
Ì – ìàðêåð ìîëåêóëÿðíèõ ìàñ (Step Ladder DNA 
S7025); 1 – ðîñëèíà-ðåãåíåðàíò (R5); 2 – ðîñëèíà 
R2 ñîìàêëîíàëüíî¿ ë³í³¿, ñò³éêî¿ äî ìåòàáîë³ò³â çáóä-
íèêà îô³îáîëüîçíî¿ êîðåíåâî¿ ãíèë³ (Ð); 3 – ïåð-
âèííèé êàëþñ (FC); 4 – êîíòðîëüíèé êàëþñ 4-ãî 
ïàñàæó, ùî êóëüòèâóâàâñÿ íà ñåðåäîâèù³ áåç ñå-
ëåêòèâíîãî ÷èííèêà (C 4p); 5 – êàëþñ 1-ãî ïàñàæó 
íà ñåðåäîâèù³ ç êîíöåíòðàö³ºþ ìàí³òó 0,8 Ì (DS 
1p); 6 – êàëþñ 4-ãî ïàñàæó íà ñåðåäîâèù³ ç êîí-
öåíòðàö³ºþ ìàí³òó 0,8 Ì (DS 4p)
Ðèñ. 3. Êëàñòåðíèé ðîçïîä³ë ì³æ äîñë³äæóâàíèìè 
çðàçêàìè, ïîáóäîâàíèé çã³äíî ç ãåíåòè÷íèìè â³äñ-
òàíÿìè çà äàíèìè àíàë³çó 13 IRAP-ëîêóñ³â ìåòîäîì 
UPGMA 
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tr
iti
ci
 (
âè
õ³
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è
é
 ã
åí
îò
è
ï
);
 F
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 –
 ï
åð
âè
í
í
è
é
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ñ;
 C
 4
p 
–
 ê
îí
òð
îë
üí
è
é
 ê
àë
þ
ñ 
4-
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 ï
àñ
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ó;
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 6
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–
 ê
îí
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üí
è
é
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àë
þ
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 ï
àñ
àæ
ó;
 D
S
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–
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ñ 
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àñ
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ó 
í
à 
ñå
ðå
äî
âè
ù
³ 
ç 
êî
í
ö
åí
òð
àö
³º
þ
 ì
àí
³ò
ó 
0,
8 
Ì
 (
ï
ðÿ
ì
à 
êë
³ò
è
í
í
à 
ñå
ëå
êö
³ÿ
);
 D
S
 4
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–
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þ
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4-
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àñ
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à 
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ù
³ 
ç 
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ö
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þ
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Ì
 
(ï
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ì
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³ò
è
í
í
à 
ñå
ëå
êö
³ÿ
);
 S
S
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–
 ê
àë
þ
ñ 
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ù
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Ì
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 S
S
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–
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í
à 
ñå
ðå
äî
âè
ù
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Ì
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ï
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);
 S
S
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–
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ù
³ 
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à 
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 S
S
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–
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 ï
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ó 
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à 
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ù
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0,
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Ì
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³ò
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(ñ
òó
ï
³í
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à 
ê
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òè
í
í
à 
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ê
ö
³ÿ
);
 
R
1–
R
5 
–
  
ðî
ñë
è
í
è
-ð
åã
åí
åð
àí
òè
.
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îäíèì ³ç ìåõàí³çì³â àäàïòàö³¿ äî ñòðåñîâèõ 
óìîâ º çá³ëüøåííÿ ãåíåòè÷íî¿ íåñòàá³ëüíîñò³ 
òà â³äïîâ³äíî ðîçøèðåííÿ ãåíåòè÷íî¿ ð³çíî-
ìàí³òíîñò³, ùî â äàíèõ êîíêðåòíèõ óìîâàõ 
ïðîÿâëÿºòüñÿ íà ð³âí³ ïîïóëÿö³é êë³òèí. Ïðî-
äåìîíñòðîâàíî òàêîæ, ùî çà êë³òèííî¿ ñåëåêö³¿ 
ìîæóòü â³äáóâàòèñÿ ìíîæèíí³ òî÷êîâ³ ìóòàö³¿ 
àáî äåëåö³¿, çîêðåìà â ñàéòàõ çâ’ÿçóâàííÿ ç 
ïðàéìåðàìè äî ðåòðîòðàíñïîçîíó Cassandra, ÿê³ 
ñïðè÷èíÿþòü çíèêíåííÿ îêðåìèõ àìïë³êîí³â â 
ñïåêòðàõ ïðîäóêò³â ÏËÐ.
Âèñíîâêè. Òàêèì ÷èíîì, çà âèêîðèñòàííÿ 
IRAP-ìåòîäó ïðîàíàë³çîâàíî ð³âåíü ïîë³ìîð-
ô³çìó ä³ëÿíîê ÄÍÊ, ôëàíêîâàíèõ ³íâåðòîâàíè-
ìè LTR ïîâòîðàìè ðåòðîòðàíñïîçîíó Cassandra, 
ó êë³òèííèõ ë³í³é ïøåíèö³, ùî ðåçèñòåíòí³ äî 
ìåòàáîë³ò³â çáóäíèêà îô³îáîëüîçó, â ïðîöåñ³ äî-
áîðó íà ñò³éê³ñòü äî îñìîòè÷íîãî ñòðåñó òà 
³íäóêîâàíèõ ç íèõ ðîñëèí-ðåãåíåðàíò³â. Âèÿâ-
ëåíî, ùî çàëåæíî â³ä âèêîðèñòàíî¿ ñõåìè êë³-
òèííî¿ ñåëåêö³¿ (ïðÿìà àáî ñòóï³í÷àñòà) ìî-
æóòü âèÿâëÿòèñÿ ð³çí³ çì³íè ãåíîìó. Îö³íêà 
ð³âíÿ ãåíåòè÷íî¿ äèâåðãåíö³¿ çà ãåíåòè÷íèìè 
â³äñòàíÿìè çã³äíî ç Nei et al. [25] ïîêàçàëà, ùî 
çà åêñòðåìàëüíîãî âïëèâó ñåëåêòèâíîãî ôàêòî-
ðà ñïîñòåð³ãàþòüñÿ íàéçíà÷í³ø³ çì³íè â ãåíîì³ 
äîñë³äæóâàíèõ îá’ºêò³â. Êð³ì ñïåöèô³÷íèõ çì³í
ó ñïåêòðàõ ïðîäóêò³â àìïë³ô³êàö³¿ ÄÍÊ, ÿê³ 
â³äáóâàþòüñÿ çà ïðÿìî¿ òà ñòóï³í÷àñòî¿ êë³òèí-
íî¿ ñåëåêö³¿, ó âñ³õ äîñë³äæóâàíèõ îá’ºêòàõ, çà
âèíÿòêîì âèõ³äíèõ ôîðì, çàçíà÷åíî ïîÿâó â³ä-
íîñíî âèñîêîìîëåêóëÿðíîãî àìïë³êîíó äîâæè-
íîþ áëèçüêî 638 ï.í., ùî ìîæå ñâ³ä÷èòè ïðî 
àêòèâàö³þ ðåòðîòðàíñïîçîíó Ñassandra çà óìîâ 
êóëüòèâóâàííÿ in vitro.
A.V. Bavol, M.O. Zinchenko, O.V. Dubrovna 
Institute of Plant Physiology and Genetics 
National Academy of Sciences of Ukraine, Kyiv
Å-mail: bavol1@rambler.ru
MOLECULAR POLYMORPHISM OF CELLULAR 
LINES OF WHEAT, WITH RESISTANT 
TO METABOLITES OF G. GRAMINIS 
VAR. TRITICI, UNDER OSMOTIC STRESS 
It was analyzed polymorphism of DNA loci, flanked by in-
verted repeats of LTR retrotransposon Cassandra, in cell
lines of bread wheat, resistant to the metabolites of op-
hiobolus root rot (G. graminis var. tritici), under osmotic 
stress and induced from them plant-regenerants. The dif-
ferences in the polynucleotide sequences of DNA at the 
direct and step cell selection it was identified. Assessment of 
the level of genetic divergence showed that calluses obtai-
ned at the direct selection and calluses in the later stages 
of step selection were the most genetically distant from 
the original forms (DNL = 0,4855), this means that at the 
sublethal doses of selective factors occur the most significant 
changes at the genome of the investigated objects. In 
contrast to the original form at the spectra of products DNA 
amplification of calluses and regenerated plants showed the 
emergence of bands approximately 638 bp length, which 
may indicate the activation of retrotransposon Cassandra.
À.Â. Áàâîë, Ì.À. Çèí÷åíêî, Î.Â. Äóáðîâíàÿ 
ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÅÑÊÈÉ 
ÏÎËÈÌÎÐÔÈÇÌ ÊËÅÒÎ×ÍÛÕ ËÈÍÈÉ 
ÏØÅÍÈÖÛ, ÓÑÒÎÉ×ÈÂÛÕ Ê ÌÅÒÀÁÎËÈÒÀÌ 
ÂÎÇÁÓÄÈÒÅËß ÎÔÈÎÁÎËËÅÇÀ, ÏÐÈ 
ÄÅÉÑÒÂÈÈ ÎÑÌÎÒÈ×ÅÑÊÎÃÎ ÑÒÐÅÑÑÀ
Ïðè èñïîëüçîâàíèè IRAP-ìåòîäà ïðîàíàëèçèðîâàí 
óðîâåíü ïîëèìîðôèçìà ó÷àñòêîâ ÄÍÊ, ôëàíêèðî-
âàííûõ èíâåðòèðîâàííûìè LTR ïîâòîðàìè ðåòðî-
òðàíñïîçîíà Cassandra, ó êëåòî÷íûõ ëèíèé ïøåíè-
öû, óñòîé÷èâûõ ê ìåòàáîëèòàì âîçáóäèòåëÿ îôèîáîë-
ëåçà, â ïðîöåññå îòáîðà íà óñòîé÷èâîñòü ê îñìî-
òè÷åñêîìó ñòðåññó è èíäóöèðîâàííûõ èç íèõ ðàñòå-
íèé-ðåãåíåðàíòîâ. Âûÿâëåíû ðàçëè÷èÿ â ïîëèíóê-
ëåîòèäíûõ ïîñëåäîâàòåëüíîñòÿõ ÄÍÊ ïðè ïðÿìîé 
è ñòóïåí÷àòîé êëåòî÷íîé ñåëåêöèè. Îöåíêà óðîâíÿ 
ãåíåòè÷åñêîé äèâåðãåíöèè ïîêàçàëà, ÷òî êàëëóñû, 
ïîëó÷åííûå ïðè ïðÿìîé ñåëåêöèè, à òàêæå êàëëóñû 
íà ïîçäíèõ ýòàïàõ ñòóïåí÷àòîãî îòáîðà íàèáîëåå 
ãåíåòè÷åñêè óäàëåíû îò èñõîäíûõ ôîðì (DNL = 
= 0,4855), ò.å. ïðè äåéñòâèè ñóáëåòàëüíîé äîçû 
ñåëåêòèâíîãî ôàêòîðà íàáëþäàþòñÿ íàèáîëåå çíà-
÷èòåëüíûå èçìåíåíèÿ â ãåíîìå èññëåäóåìûõ îáúåê-
òîâ. Â îòëè÷èå îò èñõîäíûõ ôîðì â ñïåêòðàõ ïðîäóê-
òîâ àìïëèôèêàöèè ÄÍÊ êàëëóñîâ è ðåãåíåðàíòîâ îò-
ìå÷åíî ïîÿâëåíèå àìïëèêîíà äëèíîé îêîëî 638 ï.í., 
÷òî ìîæåò ñâèäåòåëüñòâîâàòü îá àêòèâàöèè ðåòðî-
òðàíñïîçîíà Ñassandra. 
ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ
1. Muhammad A., Othman R. Characterization of Fusa-
rium wilt-resistant and Fusarium wilt-susceptible so-
maclones of banana cultivar rastali (Musa AAB) by 
random amplified polymorphic DNA and retro-
transposon markers // Plant Mol. Biol. Rep. – 
2005. – 23. – P. 241–249. 
2. Êîçûðåíêî Ì.Ì., Ôèñåíêî Ï.Ï., Àðòþêîâà Å.Â. Àíà-
ëèç ãåíåòè÷åñêîãî ðàçíîîáðàçèÿ ñîðòîâ è ñîìà-
êëîíàëüíûõ ëèíèé êóëüòóðíîé ñîè (Glicine max 
(L.) Merr.) ìåòîäîì ìàðêèðîâàíèÿ ìåæìèêðîñà-
òåëëèòíûõ ïîñëåäîâàòåëüíîñòåé (ISSR) // 
Áèîòåõíîëîãèÿ. – 2007. – ¹ 1. – Ñ. 3–13.
3. De Vienne D. Molecular markers in plant genetics 
and biotechnology. – Enfield, 2003. – 248 ð.
66
À.Â. Áàâîë, Ì.Î. Ç³í÷åíêî, Î.Â. Äóáðîâíà
ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2014. Ò. 48. ¹ 1
4. Kalendar R., Grob T., Regina M. et al. IRAP and 
REMAP: Two new retrotransposon-based DNA 
fingerprinting techniques // Theor. Appl. Genet. –
1999. – 98. – P. 704–711.
5. Kalendar R., Schulman A.H. IRAP and REMAP for 
retrotransposon-based genotyping and fingerprinting // 
Nature Protocols. – 2006. – 1, ¹ 5. – Ð. 2478–2484.
6. Leigh F., Kalendar R., Lea V. et al. Comparison of 
the utility of barley retrotransposon families for 
genetic analysis by molecular marker techniques // 
Mol. Gen. Genom. – 2003. – 269. – Ð. 464–474.
7. Áîðîííèêîâà Ñ.Â., Êàëåíäàðü Ð.Í. Èñïîëüçîâàíèå 
IRAP-ìåòîäà äëÿ àíàëèçà ãåíåòè÷åñêîé èçìåí-
÷èâîñòè ïîïóëÿöèé ðåñóðñíûõ è ðåäêèõ âèäîâ 
ðàñòåíèé // Ãåíåòèêà. – 2010. – 46, ¹ 1. – 
Ñ. 44–50.
8. Öâåòêîâ È.À., Èâàíîâ À.Í., Ãëàçêî Â.È. Ãåíå-
òè÷åñêàÿ äèôôåðåíöèàöèÿ ñîðòîâ ðèñà ïî IRAP-
ìàðêåðàì // Èçâ. ÒÑÕÀ. – 2006. – ¹ 4. – C. 155–
159.
9. Žiarovská J., Ražná K., Senková S. et al. Variability 
of Linum usitatissimum L. based on molecular mar-
kers // J. Agricult. and Biol. Sci. – 2012. – 7, 
¹ 1. – P. 50–58.
10. Ñîçèíîâà Ë.Ô., Öâåòêîâ È.Ë., Ñåéòáàòòàëîâà À.È. 
è äð. Ãåíåòè÷åñêàÿ äèôôåðåíöèàöèÿ ðàñòåíèé-ðå-
ãåíåðàíòîâ ìÿãêîé ïøåíèöû ñ ïîìîùüþ IRAP-
ìàðêåðîâ // Ñ.-õ. áèîëîãèÿ. – 2008. – ¹ 5. – 
Ñ. 18–21.
11. Õàïèëèíà Î.Í., Íîâàêîâñêàÿ À.Ï., Ðàéçåð Î.Á., Ñî-
çèíîâà Ë.Ô. Ãåíåòè÷åñêàÿ äèôôåðåíöèàöèÿ ëèíèé
ðåãåíåðàíòîâ ìÿãêîé ïøåíèöû ñ ïîìîùüþ ìîëå-
êóëÿðíî-ãåíåòè÷åñêèõ ìàðêåðîâ // Âåñòí. íàóêè 
Êàçàõ. àãðîòåõ. óí-òà. Ñåðèÿ ñ.-õ., âåòåðèíàð. è 
áèîë. íàóê. – 2011. – ¹ 1. – Ñ. 37–45. 
12. Ç³í÷åíêî Ì.Î., Äóáðîâíà Î.Â., Áàâîë À.Â. Ñåëåê-
ö³ÿ in vitro ì’ÿêî¿ ïøåíèö³ íà êîìïëåêñíó ñò³é-
ê³ñòü äî ìåòàáîë³ò³â çáóäíèêà îô³îáîëüîçó òà âîä-
íîãî äåô³öèòó // Â³ñí. Óêð. ò-âà ãåíåòèê³â ³ 
ñåëåêö³îíåð³â. – 2012. – 10, ¹ 1. – Ñ. 28–36.
13. Cassells A.C., Curry R.F. Oxidative stress and phy-
siological, epigenetic and genetic variability in plant 
tissue culture: implications for micropropagators and 
genetic engineers // Plant Cell, Tissue and Organ 
Culture. – 2001. – 64. – Ð. 145–157.
14. Gaspar T., Franck T., Bisbis B. et al. Concepts in 
plant stress physiology. Application to plant tissue 
cultures // Plant Growth Regul. – 2002. – 37. – 
P. 263–285.
15. Grandbastien M.-A. Activation of plant retrotrans-
posons under stress conditions // Trends Plant Sci. – 
1998. – 3. – Ð. 181–187.
16. Bayram E., Yilmaz S., Hamat-Mecbur H. Nikita 
retrotransposon movements in callus cultures of 
barley (Hordeum vulgare L.) // Plant OMICS: 
J. Plant Mol. Biol. Omics. – 2012. – 5, ¹ 3. – 
Ð. 211–217.
17. Todorovska E. Retrotransposons and their role in 
plant – genome evolution // Biotechnol. and Bio-
technol. Equip. – 2007. – ¹ 21. – Ð. 294–305.
18. Wessler S.R. Plant retrotransposones: turned on by 
stress // Curr. Biol. – 1996. – ¹ 6. – P. 959–961.
19. Ikeda K., Nakayashiki H., Takagi M. et al. Heat shock,
coper sulfate and oxidative stress activate the retro-
transposon MAGGY resident in the plant pathoge-
nic fungus Magnaporthe grisea // Mol. Genet. Ge-
nom. – 2001. – ¹ 266. – Ð. 318–325.
20. Bonchev G., Georgiev S., Pearce S. Retrotransposons 
and ethyl methanesulfonate-induced diversity in 
hexaploid wheat and Triticale // Cent. Eur. J. Biol. – 
2010. – 5, ¹ 6. – Ð. 765–776.
21. Áàâîë À.Â., Äóáðîâíà Î.Â., Ëÿëüêî ².². Ðåãåíåðàö³ÿ 
ðîñëèí ³ç åêñïëàíò³â âåðõ³âêè ïàãîíà ïðîðîñòê³â 
ïøåíèö³ // Â³ñí. Óêð. ò-âà ãåíåòèê³â ³ ñåëåê-
ö³îíåð³â. – 2007. – 5, ¹ 1/2. – Ñ. 3–10. 
22. Áàâîë À.Â., Äóáðîâíà Î.Â., Ëÿëüêî ².². Ñåëåêö³ÿ 
in vitro ì’ÿêî¿ ïøåíèö³ íà ñò³éê³ñòü äî Gaeu-
mannomyces graminis var. tritici // Ôèçèîëîãèÿ è 
áèîõèìèÿ êóëüòóð. ðàñòåíèé. – 2009. – 41, ¹ 4. – 
Ñ. 314–320. 
23. Dellaport S.L., Wood J., Hicks J. A plant DNA mini-
preparation : Version II [J] // Plant Mol. Biol. Rep. – 
1983. – 1, ¹ 14. – P. 19–21
24. Kalendar R., Tanskanen J., Chang W. et al. Cassandra 
retrotransposons carry independently transcribed 5S 
RNA // Proc. Nat. Acad. Sci. USA. – 2008. – 105, 
¹ 15. – Ð. 5833–5838.
25. Nei M., Li W.H. Mathematical model for studying 
genetic variation in terms of restriction endonuclea-
ses // Proc. Nat. Acad. Sci. USA. – 1979. – 76. – 
Ð. 5269–5273.
26. Yeh F.C., Yang R.C., Boyle T. POPGENE version 
1.31: Microsoft windows-based freeware for popu-
lation genetic analysis / Molecular Biology and Tech-
nology Center, University of Alberta. – Edmonton, 
Canada, 1999. – 26 p.
27. Kumar S., Tamura K., Nei M. MEGA3: Integrated 
software for molecular evolution genetics analysis 
and sequences alignment // Brief. Bioinform. –
2004. – 5. – P. 150–163.
28. Evrensel C., YÕlmaz S., Temel A., Gozuk³rmizi N. Va-
riations in BARE-1 insertion patterns in barley callus 
cultures // Genet. Mol. Res. – 2011. – 10, ¹ 2. – 
P. 980–987.
Íàä³éøëà 17.12.12
